Background: We compared the Nottingham histological grade (H-grade) and the Japanese nuclear grade (N-grade) to select the better prognostic factor for breast cancers. Methods: The series included 1786 patients with breast cancers with the exception of noninvasive and stage 4 cancers. They were classified according to the H-and N-grade. We analyzed their survival curves and also performed multivariate Cox regression analyses. Results: According to the H-grade classification, 476 cases were grade 1, 647 cases were grade 2 and 663 cases were grade 3. According to the N-grade, 381 cases were grade 1, 215 cases were grade 2, and 1129 cases were grade 3. In the survival curves of those cases with lymph node metastases (N(þ)) and recurrent cases, there were statistically significant differences in different categories of the H-grades, but not in the N-grades. The survival curves of all the cases and those cases without lymph node metastases (N(2)) always exhibited statistically significant differences. According to the 2003 St Gallen consensus, the N(2) group was classified as a minimal risk and an average risk groups. Both H-and N-grade exhibited statistically significant differences between the minimal risk and the average risk groups in the disease-free survival. The multivariate analyses proved that the H-grade was a statistically significant prognostic factor in all the cases and N(þ) group, but the N-grade was not significant in any of the studies.
INTRODUCTION
Breast cancer has become one of the most important areas of research among cancers in Japan, because of its increasing mortality rate that was estimated as 14.9 per 100,000 women in 2002 (1) . The pathological tumor grade is well recognized as one of the most significant prognostic factors for breast cancers. The tumor grade, along with tumor size, patient age, estrogen receptor (ER)/progesterone receptor (PgR) expression, and Her2/neu expression, is used to select a patient for adjuvant systemic therapy after surgical tumor resection. The St Gallen conference for the international expert consensus of the primary therapy for early breast cancer has adopted the tumor grade as one of several prognostic features to define the risk category of breast cancer (2, 3) . In Japan, the Japanese Breast Cancer Society recommends two tumor grades (4) , one of which is the Nottingham histological grade (H-grade) (5) while the other is the nuclear grade (N-grade), which was recommended in a multi-institutional protocol study, the National Surgical Adjuvant Study of Breast Cancer (NSAS-BC), to select highrisk, node-negative breast cancers in Japan (6) . In the current large scale study with a long term follow up, we compared the H-grade and the N-grade to decide which is the more statistically significant prognostic factor for breast cancers. Furthermore, we also compared the two grading methods by categorizing the risk groups for recurrence following the 2003 St Gallen recommendation (2) .
PATIENTS AND METHODS

CASE SERIES
The series included 1786 patients with all types of breast cancers with the exception of non-invasive and stage 4 cancers. All patients were Japanese women (ages ranging from 19 to 96 years; mean 52.1 years) who had attended Seirei Hamamatsu General Hospital from April 1976 to December 2004 and who had been treated with surgical excision, comprising 323 partial mastectomies and 1463 total mastectomies. Following the surgical intervention, 1,353 patients were treated with hormone therapy, 1,285 patients with chemotherapy and 319 patients with irradiation therapy. The tumor recurrence and patients' death were checked in our hospital during the following up term.
PATHOLOGY
In 1,274 patients who underwent resection from May 1981 to July 2000, small fragments from the resected specimens were prepared for enzyme immunoassay for ER and PgR, and the rest of the specimens were fixed in 10% phosphate buffered formalin ( pH 7.4). In the other 512 patients, the entire resected specimens were fixed in formalin. They were routinely processed in paraffin blocks and the 4 mm sections were prepared. In all cases specimens were stained with hematoxylin and eosin (HE) and immunohistochemical staining for ER and PgR were performed using the labeled streptavidin-biotin system (VENTANA NX system: Ventana Medical Systems, Arizona, USA). Both anti-ER and anti-PgR antibodies (Ventana Medical Systems, Arizona, USA) were diluted to 1/2. The antigen was retrieved by boiling in a citrated buffer (pH 7.0) for 15 min.
TUMOR GRADING
All the breast cancers were graded by three pathologists (Y.O., S.S. and H.K.) in the single institute. Olympus BX41 microscopes with WH10X for ocular lenses and UPlanApo 4Â, 10Â, 20Â and 40Â for objective lenses were used to assign the grading (Olympus, Tokyo, Japan). At the beginning of this study, these three pathologists participated in a single demonstration and discussed how to correctly examine and assign the grading for enough cases to reach consensus. After that, evaluation was performed independently without bias by each pathologist. We classified all the invasive breast cancers according to the H-and N-grades (5, 6) . The Japanese Breast Cancer Society originally analyzed the N-grade, which was adopted only for invasive ductal carcinoma, but the H-grade was internationally adopted for any invasive cancers. In this study, therefore, we decided to adopt both the H-and N-grade for any invasive breast cancers (5, 6) . The H-grade has three parameters, namely tubule formation, nuclear pleomorphism and the number of mitoses. Each parameter is graded into three categories to which a score of 1 to 3 is assigned as follows: tubule formation (1: .75%, 2: 10 -75%, 3: ,10%); nuclear pleomorphism (1: none, 2: moderate, 3: pronounced); and the number of mitoses/10 high power fields (HPF) (Â40 objective lens) (1: 0 -9 mitoses; 2: 10 -19 mitoses; and 3: .19 mitoses). Finally the three H-grades are determined by the sum of the scores of the three parameters (3, 4, or 5 ¼ H-grade 1; 6 or 7 ¼ H-grade 2; and 8 or 9 ¼ H-grade 3). The N-grade has two parameters, namely nuclear pleomorphism and the number of mitoses. Each parameter is graded into three categories to which a score 1 to 3 is assigned as follows: nuclear pleomorphism (1: none, 2: moderate, 3: pronounced), and the number of mitoses/10 HPF (Â40 objective lens) (1: 0 -4 mitoses; 2: 5 -10 mitoses; and 3: .10 mitoses). Finally the three N-grades are determined by the sum of the scores of the two parameters (2 or 3 ¼ N-grade 1; 4 ¼ N-grade 2; and 5 or 6 ¼ N-grade 3).
STATISTICAL ANALYSIS
The overall survival curves and disease-free survival curves were constructed using the Kaplan -Meier method (7). The differences among the groups were assessed with the log-rank test (8) . To determine the statistically significant risk of relapse or death in breast cancer, multivariate analysis by Cox proportional hazards regression was used. The level of statistical significance was defined as P , 0.05. When the survival curves and the risk of relapse or death were analyzed, deaths from other diseases were excluded from the case series.
STEROID HORMONE RECEPTOR STATUS
An enzyme immunoassay technique was used to quantify the expression of ER and PgR in 1274 cases. In this assay, the value .5 fmol/mg of ER concentrations in the diluted cytosols was regarded as positive. Immunohistochemical assays for ER and PgR were used to detect endocrine responsiveness in 512 cases. Immunohistochemically, positive expression of ER and PgR meant that more than 10% of the nuclei of all the tumor cells were positive for ER and PgR.
RESULTS
DISTRIBUTION OF PATIENTS
Under the H-grade classification, 476 cases (26.7%) were grade 1 (H-grade 1), 647 cases (36.2%) were grade 2 (H-grade 2) and 663 cases (37.1%) were grade 3 (H-grade 3). Under the N-grade classification, 381 cases (22.1%) were grade 1 (N-grade 1), 215 cases (12.5%) were grade 2 (N-grade 2) and 1129 cases (65.4%) were grade 3 (N-grade 3). A group of the cases without axillary lymph node metastases was named N(2), and the other group of the cases with axillary lymph node metastases was named N(þ).
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When the N (2) Tables 1 and 2 .
COMPARISON OF THE SURVIVAL CURVES UNDER THE H-GRADE AND N-GRADE
The overall survival curves and disease-free survival curves of all the cases, the N(2) group, and the N(þ) group were statistically analyzed to assess the efficacy of the H-grade and N-grade as prognostic factors (Figs 1 -4) . When all cases and the N(2) group were classified under the H-grade and N-grade, the cases with higher grade tumors exhibited statistically significantly worse overall survival and worse disease-free survival (Figs 1 and 2) . In both the overall survival and disease-free survival of N(þ) cases, however, there were no statistically significant differences in the different N-grade categories, although there were statistically significant differences in the different H-grade categories (Fig. 3) . The overall survival curves of the recurrent cases were also analyzed to allow comparison between H-grade and N-grade subjects (Fig. 4) . In this study, there were statistically significant differences in the different H-grade categories. In contrast, there were no significant differences in the different N-grade categories (Fig. 4) .
SWITCH FROM H-GRADE TO N-GRADE
In this study, all the H-grade 1 cases (396 cases) were classified as N-grade 1 (286 cases) or N-grade 2 (110 cases). All the H-grade 2 cases (601 cases) were classified as N-grade 1 (71 cases), N-grade 2 (91 cases), or N-grade 3 (439 cases).
All the H-grade 3 cases were always classified as N-grade 3. Although we compared each separate group of N-grade subjects that was switched from H-grade 1 or H-grade 2, there were no significant differences in either overall survival or disease-free survival in this study (Figs 5 and 6 ).
ST GALLEN RISK CATEGORIES
According to the 2003 St Gallen consensus report as summarized in Table 3 (2), the N(2) group was classified as the minimal risk group and the average risk group. Either the H-grade or N-grade was used for tumor grade in this classification. We constructed and analyzed the survival curves of the minimal risk group and the average risk group, which were classified under either the H-grade or N-grade (Fig. 7) . Both the H-grade and N-grade exhibited statistically significant differences between the minimal risk group and the average risk group in the disease-free survival (Fig. 7c,d ). But statistically significant differences in overall survival were not exhibited in either group (Fig. 7a,b) .
MULTIVARIATE ANALYSES
To examine the independent prognostic significance of the H-grade and the N-grade, multivariate Cox regression analyses were performed in all the cases, N(2) group, N(þ) group, and recurrent cases. In these analyses, the H-grade emerged as an independent prognostic factor for overall survival and disease-free survival in all the cases and N(þ) group, but the H-grade did not emerge as an independent prognostic factor for the other groups, and the N-grade did not for any of the groups. We also performed the multivariate analyses for the survival rates of the minimal risk group and the average risk group following the 2003 St Gallen consensus, which were classified under either the H-grade or N-grade. In these analyses, the average risk group did not exhibit a statistically significant hazard ratio against the minimal risk group whenever groups were 
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Pathological grade in breast cancer Table 4 .
DISCUSSION
Recently, post-operative adjuvant systemic therapies have been selectively applied to breast cancer patients for whom such therapeutic regimens have been considered as being possibly effective. Therefore, specific criteria are needed to facilitate the identification of high risk breast cancers which show a significantly higher recurrence rate and therefore require adjuvant systemic therapies. Breast cancers with a higher recurrence rate have been selected according to the tumor grade, tumor size, endocrine responsiveness, and so on. In the tumor grade, the H-grade is one of the most widely used histological grading systems, although other grading systems have also proved to be statistically significant (5, 6, 9 -11) . In Japan, the Japanese Breast Cancer Society recommends two tumor grading systems (the H-grade and N-grade) as described above (4). However, no A global consensus has been reached that appropriate adjuvant therapies should be applied according to the evaluation of hormone receptor status (responsive) and recurrence rate, according to the consensus report arrived at during this conference. This consensus report also recommended both the histological grade and nuclear grade for tumor grading to classify the breast cancer into different risk categories. However, even at the latest conference, the most useful tumor grading system has not yet been decided (2, 3) . In this study, the H-grade and N-grade systems were used to determine risk categories for early breast cancers according to the 2003 St Gallen consensus report. The results showed that the H-grade was not so different from the N-grade with respect to survival curves. The analyses by log-rank test showed that both the H-and N-grade could be useful for tumor grading following the 2003 St Gallen consensus report, but multivariate analyses did not exhibit in our study. We should therefore continue to make further analyses according to the latest risk categories recommended by the latest 2005 St Gallen consensus report in the future. It is to be noted that there was a difference between the H-and the N-grade. The number of average risk patients classified under the N-grade was 16 patients more than that under the H-grade in terms of disease-free survival. These 16 patients, who need not receive chemotherapy in the H-grade classification, need it according to the N-grade classification.
In this study, we were able to reveal some noticeable differences between the H-grade and N-grade. The analyses of the survival curves prepared under the H-grade and the N-grade systems showed that the H-grade could more effectively categorize the breast cancer cases into three different prognostic groups (grades 1 -3) than the N-grade. The reason was that the H-grade exhibited significant differences in each category in every analysis by log-rank test, but the N-grade failed to show such differences in the N(þ) group and recurrent cases. The H-grade seemed to be available to predict prognoses both in the early stage cases such as the N(2) group and in the progressive cases such as the N(þ) group and recurrent cases. However the N-grade was available only for the progressive cases. We should however notice some inconsistent results in the survival curves of the H-grade. When all the cases were classified under the H-grade, H-grade 3 reversely exhibited better prognosis than H-grade 2 in overall survival rate over 15 years and in disease-free survival rate over 10 years. These inconsistencies were not seen in N-grade 2 and 3. However, we think these are minor faults in the H-grade, because all the cases with higher grade tumors have exhibited statistically significantly worse overall survival and worse disease-free survival in the H-grade. The multivariate Cox regression analyses proved that the H-grade was a statistically significant prognostic factor in all the cases and N(þ) group, but the N-grade was not significant in any of the studies. These multivariate analyses could therefore exhibit the H-grade as a significant prognostic factor for wider stage cases than the N-grade.
In the distribution of cases, all the groups [all the cases in the N(2) and N(þ) groups] included around 60%, or more than 70%, of N-grade 3 in each group and some of the cases were classified into a higher grade under the N-grade system compared with the H-grade. This switch is mainly due to the fact that the number of mitoses corresponding to an N-grade score 1 was quite different from the H-grade (0 -4 and 0 -9, respectively) and the number of mitoses corresponding to an N-grade score 2 was also quite different from the H-grade (5 -10 and 10 -19, respectively). Since the N-grade exhibited an extremely high rate of grade 3 and produced a more unbalanced distribution of cases than the H-grade, H-grade could also be a better grading system than N-grade in the distribution of cases. In our laboratory, we routinely use the H-grade as the grading system for breast cancers. Therefore, in this study we reclassified all cases from the H-grade under the N-grade. After the switch of the cases of H-grade 1 and 2 into the N-grade, no significant difference was seen in any of the grades under the N-grading system and we thus considered it was not necessary to reclassify the cases from H-grade into N-grade.
We have shown here the results of a large scale study with a long-term follow-up. Based on the results of this study, both the H-and N-grade could predict the prognoses of the breast cancers. However, we believe that the H-grading system should be more strongly recommended for the grading of breast cancer than the N-grade, because the former was proved to be significantly prognostic for wider stage cases than the latter and also it exhibited a much more balanced distribution of cases in its three grades than the latter. Jpn J Clin Oncol 2007;37(4) 273
